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Continuing the Tradition: Employing Tested and Emerging Economic Tools in Framing 
Sustainability Challenges for a Global Economy 
Vincent Amanor-Boadu and Brent Ross 
Abstract 
Economists have been successful in bringing their definitional and analytical tools to many of 
the problems that have confronted society over the past century and more, from Smith’s 
explanation of how nations produce wealth to Arrow’s explanation of the impossibility of social 
choice and Keynes’ general theory of money and interest.  With the issue of sustainability, we 
draw on economic agents’ attempts at rational choice under uncertainty to understand the 
opportunities and challenges. We argue that employing system dynamic modeling approach to 
the problem could offer careful assessment of the soundness of sustainability strategies.   
Keywords: Sustainability, Adaptive Management, System Dynamic Modeling 
Introduction 
About a generation or two ago, smoking was a very accepted social behavior and little 
thought went into its individual and public health hazard.  Today, it is outlawed in many public 
places around the world, forcing cigarette companies to find new markets and tobacco farmers 
to find new crops to invest their resources in.  Similarly, when the automobile was introduced 
at the beginning of the last century, its benefits were so large in comparison to preceding 
modes of transportation that its inherent safety risks and other weaknesses were unperceived 
or rationally ignored by manufacturers, consumers and regulators.   Today, seat belts, air bags 
and collapsible chassis are safety features built into virtually all commercial passenger 
automobiles.  Furthermore, the internal combustion engine is being challenged because of its 
adverse effect on air quality.  Asbestos, a naturally-occurring silicate mineral, was a very 
popular building material because of its tensile strength, sound absorption, flame retardant, 
and heat resistance among others.  The U.S., EU and other countries have banned asbestos and 2 
 
asbestos-containing material since the late 1980s as evidence of its health and environmental 
effects mounted.   
There are numerous products that have and are experiencing the fate of these once-
successful products because increasing knowledge and declining perceived marginal value have 
elevated individual and social perceptions about cost for many products that hitherto enjoyed 
significant clout in society and in the marketplace.  Also, numerous production processes and 
systems that went unchallenged for decades are now being questioned for their effects on 
human and animal health, non-target species’ populations, forests and woodlands, rivers and 
lakes, etc.  These questions are leading to stricter regulatory restrictions and oversight and in 
some cases the outright ban of certain activities.  They are also creating opportunities for 
entrepreneurs to bring new products to market and/or provide points of differentiation for 
them and their products. A rallying cry for addressing these issues has been arguments for 
sustainability initiatives.  Underscoring the conversations surrounding this new awareness 
about the effects of these activities is the concept of sustainability, which is based on the idea 
of resource scarcity.   
The problem discussed in this paper covers the role economics plays in framing the 
issues and challenges of sustainability when economic agents are operating within a context of 
uncertainty.  The principal objective of the paper is to exploit economic tools that have been 
used over the past decades to address similar issues and identify the weaknesses of each of 
them as it applies to the issues embedded with sustainability.  We conclude by showing that the 
application of system dynamic modeling approaches within the context of adaptive 3 
 
management theories provide effective solutions to understanding and addressing the 
problems of sustainability.   
Resources and Sustainability 
Suppose that some disease enters the community and begins to affect the growth rate 
of this plant, such that its growth rate falls below the harvest rate (equals the energy need rate) 
of the community.  As the perceived risk of running out of energy increases, the community 
would begin to hoard this plant, reduce the harvest rate and the use rate to give itself time to 
discover alternative sources of energy or address the plant’s disease problem.  The community 
will have no need to make any austerity adjustments to its use of this plant as long as the 
growth rate exceeds or matches the use rate and the risk of shortages or loss of resource is 
nonexistent.  Indeed, another plant that has no seemingly economic value to the community 
could be attacked by the same or similar disease and become extinct without anybody noticing. 
We have seen the need to constrain exploitation of natural resources change with a 
perception of their availability.  Examples may be drawn from, among others, the fishing (Myers 
et al., 1997), forest and timber (Guillermo et al., 2000), crude oil (Friedman, 2006), and fresh 
water (Dudgeon et al., 2006).  Thus, it is evident that conversations about sustainability and/or 
conservation are often triggered by increasing perceptions about critical declines in particular 
natural resources (Fisher, 1953; Ludwig, 1995).  At the same time, there have been other 
natural resources that have disappeared in certain societies without anyone noticing because 
they were not perceived to have any value to their members.   
The foregoing illustrates the strong relationship between resources and the concept of 
sustainability.  Resources are resources only because they have economic value to a particular 4 
 
individual or group within a particular time frame (Zimmerman, 1944).  Zimmerman argues that 
resources are means, not ends, and because of the effect of time, place and needs on their 
definition, these factors have to be taken into consideration in understanding their meaning.  
For example, although gold existed in Europe and on the coasts of West Africa, the West 
African treated as no more desirable rock than cowries while the European coveted it.  After 
the European encounter in 14xx, West African gold became a resource because it could now be 
used to trade for gun, mirrors and gunpowder.  As Fisher (1953, p. 58) notes, when resources 
enter the marketplace, they “take their meaning and significance from the ends they serve.”  
The value they attract is primarily a construct of the market signals from human exchanges as 
their use or future use become important.  When they become “useless” to people, their value 
dissipates regardless of how abundant they are. 
Sustainability is an issue for natural resources because they present public challenges 
even when they are privately owned.  Consider such resources as arable land and forest lands 
owned by private individuals or organizations.  If each of these private owners chooses to 
exploit their resource at a faster rate than it can regenerate, they increase the overexploitation 
risks confronting everyone in the community.  This is because they resources, while privately 
owned, have social benefits that exceed the private benefits.  This has led some to argue that 
economics has limited tools to address these issues because they fall outside the market and 
private property rights (Common, 1996).  Yet economists have well-developed concepts and 
constructs of externalities that are able to address these private property rights-social impacts 
problems (see Mankiw, 2008) and non-market valuation techniques that help address problems 
outside the market (see Becker, 1962; Haab and McConnell, 2002). 5 
 
The issue of sustainability, therefore, is an issue directly related to the rate of 
exploitation given the y of the resource and its use and replenishment rates.  Thus, it is not 
independent of use but directly linked to it, underscoring why economics becomes critical in 
providing a coherent framework for evaluating and addressing its challenges.  Sustainability, 
viewed within this nexus of resource stock, use and replenishment rates, can be defined as 
resource exploitation rate that ensures future use is not jeopardized.  Loosely, this may be 
attained by ensuring that use rate is always equal to or less than replenishment rate.   But 
strictly, it is attained by exploiting at a rate that is less than replenishment rate after accounting 
for potential risks to replenishment rates falling unexpectedly.  In this sense, sustainability is 
not limited to location, people or time but to the resource that is being considered.  Thus, 
residents of Colorado may have to adopt sustainability strategies if availability of sand becomes 
limited due to exploitation rate exceeding replenishment rate while residents of the Sahara 
may not worry about sand but be more concerned about fresh water.  So, while Colorado 
farmers may have little worries irrigating their corn fields with fresh water, Sahara herdsmen 
will have difficulty justifying irrigating their olive groves.   
Economic Tools for Framing Sustainability 
Let us begin with a firm in a particular location and in a particular period of time 
exploiting a particular natural resource, y, using a particular technology and inputs defined in by 
vector, x, in Equation (1).  After Chambers (1988), we can assume that the equation satisfies the 
conditions of monotonicity, concavity, essentiality, non-emptiness, continuity and twice 
differentiability.   This is the traditional production function that economists have been using 
for generations to explain firm behavior.   6 
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where p is the price the firm receives for the exploited resource in the marketplace, w is the 
input costs associated with the vector of inputs used in the exploitation of y.  Equation (2) has 
been separated into the short-run and long-run structures to illustrate the two stages of profit 
maximization.  The first stage is the short-run, where technology is fixed and output is a given, 
and profit is maximized by minimizing cost.  The second stage is the long run where the firm has 
the liberty to choose output levels and pursue a profit maximization strategy.   The exploitation 
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Equation (3) suggests that exploitation should continue as long as the marginal profit is positive 
and should cease when it becomes negative.  The marginal equality boundary condition 
stipulates that the resource will be used only to the point where its price is equal to its marginal 
cost.  Recognizing the local and time effects on the profit function, it is possible to re-specify 
the function such that the marginal conditions may be evaluated using location or time 
variables.  This would facilitate explaining marginal cost of water and why Arizona residents 
plant cacti in rock gardens and Florida residents plant grass on their lawns.   7 
 
  But the foregoing implicitly assumes that all the costs and value associated with the 
exploitation have been counted.  However, in most resource utilization and/or exploitation, 
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where the incorporation of the variable V indicates the externality, which can be positive or 
negative.  It basically states that in the long-run, the firm maximizes its profits by selecting 
quantities of x but have Y either imposed on it or it imposes it on others without actually 
consciously selecting it.  Thus, externalities always present some form of jointness in 
production and/or consumption (Boadway and Bruce, 1984).   
Let us suppose that the externality is positive, such as the firm’s exploitation decisions 
create jobs and tax revenues in the community.  Under this condition, it will be in the interest 
of the beneficiaries – principally government – to provide incentives to the firm to ensure that 
it continues its exploitation activities since cessation will lead to unemployment and loss of tax 
revenues.  The government can do this through the provision of a subsidy to the firm, which 
may be in the form of output price or cost reduction.  Either way, the firm would reach its 
cessation point with more of the resource exploited than it otherwise would under Equation (2) 
conditions.  The opposite is also true: If the government imposed a tax on the firm for its 
negative externalities, it would reach its cessation point with less of the resource than under 
Equation (2) conditions.  Information about V allows us to determine the marginal value of the 
externality to calculate the optimal amount of subsidy or tax to employ to achieve the right 8 
 
levels of exploitation of the resource.  Buchanan and Stubbblebine (1962) provide a number of 
solutions to different assumptions about the externality variable and the conditions of the 
optimal solutions for the exploited variable, y.  Using the marginal value of the externality 
variable, they are able to show the necessary and sufficient conditions under which positive and 
negative externalities exist.   
The opposite of the foregoing is also true, i.e., instead of the exploitation being 
perceived as an opportunity for jobs and taxes, the government actually sees it as a liability.  
Thus, instead of a subsidy, the government levies a tax on the organization in attempts to force 
it to an exploitation cessation point.  Thus, the net value curve for this scenario (Equation 4) will 
lie below that of the subsidy scenario (Equation 3) and the base scenario (Equation 1) will lie 
between them.  The curvatures of the three graphs may or may not be identical because of the 
interactive effect of the subsidy or tax on the original net value function.  
  The foregoing analyses suggest that classical economic tools can be used to advise 
policy makers in the right action to take when a firm’s action is causing undesirable outcomes 
for the rest of society.  The challenge, though, is that frequently the measures of adverse 
effects are unknown or uncertain.  Even the effects are known – oil spill or a smoke stack – their 
values are often so subjective that it is often impossible to arrive at effective policies.  But the 
real challenge is with the certainty associated with identified uncertainties to help decision-
makers establish the right levels of exploitations for natural resources to ensure their 
availability over time.   9 
 
Introducing Uncertainty 
If decision-makers had clairvoyant perspectives about the future, they would be able to 
determine how future market exchanges will price their resources.  Decision-makers could use 
that knowledge to establish the most efficient rate of exploitation of the resource to maximize 
the profit from exploitation.  However, because the value that may be attributed to a natural 
resource is defined by its use, it suffers from potential devaluation from technological 
discoveries and improvements.  Consider the potential risks confronting oil-rich countries that 
are now looking at the emergence of alternative transportation fuel sources.  Should they 
increase their exploitation rates, which would decrease prices and increase the development 
cost for their competitors but cause their time to exhaustion to shorten?  Or should they 
control supply, maintain higher prices while they can and exit before their wells are completely 
dry?  The question of sustainability, as exemplified by this example, is not a problem about 
availability of the resource in question but the in-use value that may be exploited from it.  The 
extent of uncertainty about the future in-use value becomes a major issue for decision-makers.  
So, let us imagine a situation where the price, p, for a particular resource can increase 
over time or collapse completely due to the emergence of a superior alternative.  The 
probability of increase rates can be estimated because of available demand information.  
However, the probability of collapse is a lot more uncertain because it depends on the rate of 
entry of the alternative and the rate of its uptake by customers. The decision-maker has to 
imagine alternative technologies and the entry and uptake rates for their solutions and the 
attendant rate of obsolescence for the current solution.  Because the decision-maker is 
incapable of forming any true distribution about these questions, he can only form numerous 10 
 
plausible outcomes and assign guesstimated probabilities to their occurrence.  This presents a 
more subjective situation than the challenge of putting values on identified externalities 
discussed earlier.  But as Shackle (1965, p. 48) notes about how futures occur: 
The economy is in the particular posture which prevails, because particular 
expectations, or rather, particular agreed formulas about the future, are for the 
moment widely accepted. These can change as swiftly, as completely, and on as slight a 
provocation as the loose, ephemeral mosaic of the kaleidoscope. A twist of the hand, a 
piece of “news” can shatter one picture and replace it with a different one. 
Although there is significant uncertainty about emerging technologies and their effects 
on current perceived solutions, there seem to be an increasing consensus that particular 
activities are necessary even though their costs and benefits are very uncertain.  For example, 
how does a firm monetize its decision to reduce the exploitation rate of a particular resource if 
it cannot show how its objective function is improved?  But what if with “a twist of the hand” 
the change occurs that causes the market to not reward those who believed their actions will 
be handsomely rewarded?  How do they insure themselves against this uncertainty?   
Adaptive Management and System Dynamic Modeling 
Historically, significantly important resource-based challenges have been dealt with only 
in crisis mode.  There seem to be an emerging effort to incorporate more forethought into such 
decisions by considering their possibilities well-ahead of them becoming crises.  This is what the 
Brundtland Commission Report (1987) is attempting to inculcate in consumers, citizens, 
businesses and governments.  And although economics and economists have been active in 
these conversations about resource exploitation rates and their potential effects on future 
economic wellbeing of consumers and citizens, there have been criticisms that they do not have 
the tools to contribute to the conversations.  Common (1996, p. 5), for example, suggests that 11 
 
the role of economics in addressing the challenges of sustainability is limited because 
economics “largely ignores: history; the material laws of nature; the study of the nature of 
man.”   
We believe this negative view of economists and economics contributions to the issues 
arises from the need for economists to understand the logic of events in order to make sense of 
them.  Economists, at least the one that believe in economics, are not good at “having faith” 
and depend on logic even when the facts are absent (Landsburg, 2009).   So, it is important to 
frame the problem underlying sustainability in a logical manner, void of emotion and funfair, 
carefully breaking it down into its logical components and their potential current and future 
effects and tracing the antecedents and their consequences.  
For some industry leaders, the issue is one about corporate social responsibility.  
Friedman (1962, p. 133) chastised this notion as dangerous in no uncertain terms, arguing thus, 
“Few trends could so thoroughly undermine the very foundations of our free society as the 
acceptance by corporate officials of a social responsibility other than to make as much money 
for their stockholders as possible.  This is fundamentally a subversive doctrine.”  Yet, this is 
increasingly becoming the primary motivation for pursuing sustainability as corporate strategy.  
This is observable from companies as diverse as Coca-Cola and Wal-Mart and Toyota and BNSF 
Railway Company.  These companies are pursuing sustainability as a viable strategy for their 
future ability to create shareholder value.  They believe that the market will punish those who 
over-exploit natural resources for private gain even if it does not reward those who do not.  In 
other words, the use of resource-saving technologies and production systems are becoming the 12 
 
norm and resource-wasting technologies are seen as negative externalities that must be taxed 
through boycotts or price discounts.  
But, can we truly say that the adoption of corporate social responsibility departs from 
the primary purpose of businesses to create shareholder value? What if shareholders have 
defined as part of their value statement these very initiatives that the corporate leaders are 
pursuing?  Economic tools can help not only make Friedman’s position irrelevant but also 
provide a clear path to attaining the objective profitably. 
Adaptive management (Holling, 1978; Walter, 1986; Gregory et al., 2006) has been in 
use in environmental management for decades for dealing with problems that have high levels 
of embedded uncertainty.  Although the results from its application to real problems are 
conflicting (Gregory et al., 2006), its primary purpose is to help managers learn about complex 
ecological systems by systematically monitoring a suite of management solutions and learning 
from the outcomes. The literature on adaptive management is rich and offers some modeling 
insights for economics in addressing this increasing interest in sustainability.   
However, because organizations operate in a system and those systems are dynamic as 
critical variables and ideas about events change, system dynamic modeling (SDM) approaches 
also offer powerful tools for generating learning about specific management strategies which 
can be adapted and modified as the environment changes to facilitate achievement of 
identified objectives.  The SDM approach offers that logical approach that is a necessity for the 
economists to operate. It begins with a lay out of the supply chain and all its intricacies. Indeed, 
the level of granularity of the model is dependent on the questions and issues it is being asked 
to deal with.  Thus, SDM is at once flexible and powerful to address a lot of questions that need 13 
 
to be addressed in order to ensure that current and future shareholder value is not being 
sacrificed for some undetermined ego flight of a chief executive or senior manager. It is 
important to recognize that the very existence of organizational hierarchy implies the existence 
of a dictatorship, supporting the presence of Arrow’s Impossibility Theorem (1962) in these 
decisions to pursue sustainability as credible strategies.  This underscores why assessing the 
role of personal belief vis-à-vis good economic performance is necessary in these 
conversations.  In the next version of the paper, we provide an example of how SDM may be 
applied to address specific sustainability problems, drawing on the economic tools that have 
already been reviewed in this paper. 
Reframing: Whose Objective Function? 
  Sustainability is not independent of technological progress (Fisher, 1953).  As new 
technologies that increase the utilization efficiency for particular resources become available, 
the gap between exploitation and use rates may be reduced, allowing for the same levels of 
well-being to be attained with lower levels of the resource than previously attainable.  As we—
as a society—moved from subsistence technologies to knowledge technologies, our ideas about 
our needs have changed significantly (Maslow, 1943).  As we become more conscious of our 
responsibilities to others outside our own limited communities and see ourselves as part of the 
global family, and as we expand our objective function to include our progenies, we ascend 
towards what Maslow referred to as “self-actualization” level of our needs’ hierarchy.   Thus, 
there is every reason to expect that investments in resource-saving technologies will increase 
as society increases its fiscal and psychic tax on resource-using technologies.  The clear 
definition of individual objective functions and a concerted effort to discover and develop a 14 
 
congruent social objective function should position us to discover the appropriate investments 
and exploitation rates to secure a future that is comfortable for the current decision-makers 
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